For complex mixtures and/or unknown analytes, ultra-high mass resolution (m/Δm 50% > 300,000, in which Δm 50% is peak width at half-maximum height) is a necessary prerequisite for ultra-high mass accuracy (sub ppm), because each peak must be fully resolved before its mass can be assigned uniquely. Only Fourier transform ion cyclotron resonance (FT-ICR) mass analysis provides that level of mass resolution. 1, 2 Applications include assignment of elemental composition (metabolomics, fossil fuels, 2,3 environmental mixtures 4 ), amino acid composition, 5 posttranslational modifications of peptides and proteins [6] [7] [8] [9] [10] and mapping of protein binding sites by helium/deuterium exchange followed by enzymatic cleavage and simultaneous measurement of deuterium uptake for dozens of peptide isotopic distributions. 11 The mid-IR spectrum of a completely unsolvated gas-phase protein, cyt c, has been measured. 12 The above representative applications help to account for the rapid recent growth in the number of FT-ICR mass spectrometers (see Figure 1 ).
Current and projected FT-ICR mass spectrometry (MS) developments include automation (including remote operation) of sample introduction and data acquisition 13 and data reduction; external ion focusing, mass filtering, accumulation, 14 efficient ejection 15 and transmission; multiple tandem mass spectrometry modes (especially infrared multi-photon dissociation and electron capture dissociation); 16 spectral phasing for up to doubled mass resolution at a given magnetic field; 17 magnet improvements (shielding, cryocooling without helium boil-off, etc.). Mass measurement accuracy of +/-100 ppb for 12,000 peaks of signal-to-noise ratio > 5 in a single mass spectrum has been achieved (see Figure 2 ). 18 
Figure 1. Cumulative number of FT-ICR mass spectrometer systems installed worldwide, dating from the first FT-ICR instrument at U. British Columbia in 1973. FT-ICR MS has been one of the fastest-growing segments of the mass spectrometry market over the past decade.
That is because FT-ICR mass measurement accuracy is approximately the same as mass measurement precision, 19 namely, ~1/10 of the mass spectral peak width, even at low S/N ratio. By comparison, reflectron time-of-flight (ToF) mass analyzers, typically offer mass resolving power, m/Δm 50% , of ~ 10,000. Thus, ToF mass accuracy of even ~1 ppm requires determination of the mass spectral peak position to within ~1/100 of the line width and is thus possible only at very high signal-to-noise ratio (and, of course, the absence of other unresolved nearby peaks).
The highest currently available magnetic field (14.5 T) for FT-ICR-MS is at the National High Magnetic Field Laboratory (NHMFL) and a 21 T horizontal superconducting magnet and cryostat for FT-ICR-MS have been designed (see Figure  3 ). This magnet has been adapted from NHMFL's 900 MHz, 110 mm bore diameter vertical superconducting magnet, with several important improvements. First, the low-temperature reservoir of the cryostat will operate at 2.2 K, not 1.8 K, for simpler design and construction. Second, active shielding allows placement of a turbo-pump at the closest possible proximity to the end flange (i.e. stray field of 50 Gauss or less), so that separate shielding of the turbo-pump will not be required. Third, the cryostat will employ cryo-coolers designed to reduce liquid helium and nitrogen boil-off to near-zero, eliminating frequent dewar refills.
The advantages of higher magnetic field for seven FT-ICR MS figures of merit are shown in Figure 4 . 20 These parameters increase linearly or quadratically with increasing magnetic field strength. Thus, even a small increase in magnetic field offers significant enhancement in overall performance. 
